Clostridium cellulovorans produces multi-enzyme complexes called cellulosomes capable of efficiently degrading cellulosic biomass. There are three xylanase genes containing a sequence corresponding to a dockerin domain that are necessary for constructing cellulosomes in the genome. Among the xylanases encoded by these genes, xylanase B (XynB) contains a catalytic domain belonging to glycoside hydrolase family 10 and a carbohydrate-binding module (CBM) at the N-terminus, making it a member of CBM family 22. In this study, XynB was cloned, overexpressed, purified and crystallized. XynB was crystallized using the hanging-drop vapour-diffusion method in the presence of 0.2 M sodium acetate trihydrate, 0.1 M Tris-HCl pH 8.5, 32%(w/v) PEG 4000 at 293 K. X-ray diffraction analysis revealed that the crystal diffracted to 1.95 Å resolution and belonged to space group P2 1 2 1 2 1 , with unit-cell parameters a = 74.28, b = 77.55, c = 88.20 Å , = = = 90 . The data-evaluation statistics revealed high quality of the collected data, thereby establishing a solid basis for determination of the structure of cellulosomal xylanase from C. cellulovorans. research communications 116 Nakajima et al. Xylanase B from Clostridium cellulovorans 743B Acta Cryst. (2018). F74, 113-116 Figure 4
Introduction
Clostridium cellulovorans 743B (ATCC 35296) was previously isolated from batch methanogenic fermentation of finely divided hybrid poplar wood (Jerger et al., 1982) and was characterized as an anaerobic, mesophilic, spore-forming, cellulolytic bacterium (Sleat et al., 1984) . C. cellulovorans produces multi-enzyme complexes called cellulosomes that are capable of efficiently degrading cellulosic biomass (Shoseyov & Doi, 1990; Tamaru et al., 2000; Doi & Tamaru, 2001) . The cellulosomes form multi-enzyme complexes by binding to several enzymes containing dockerin domains and to scaffold proteins (Doi & Tamaru, 2001) . Recently, the whole-genome sequence of C. cellulovorans was deciphered and cellulosome-related genes were identified . Among these genes, the three cellulosomal xylanase genes xylanase A (xynA), xylanase B (xynB) and xylanase GH8 were identified and found to belong to glycoside hydrolase (GH) families 11, 10 and 8, respectively (Tamaru et al., 2011) . The xynA and xynB genes have been cloned and confirmed to have xylanase activity (Kosugi et al., 2002; Han et al., 2004) . Additionally, proteome analysis verified that C. cellulovorans expresses XynA and XynB proteins (Morisaka et al., 2012; Matsui et al., 2013; Esaka et al., 2015; Aburaya et al., 2015) . We believe that these two xylanases play an important role in the hydrolysis of the xylan contained in lignocellulose.
ISSN 2053-230X
# 2018 International Union of Crystallography
The three-dimensional structures of many xylanases have been analyzed; however, only the three-dimensional structures of xylanase Z (XynZ) and xylanase 10B (Xyn10B) from C. thermocellum, both of which belong to the GH10 family and contain a dockerin domain for cellulosome assembly, have been reported (Dominguez et al., 1995; Najmudin et al., 2010) ; the structures of these xylanases in complex with scaffolding proteins have not yet been elucidated. XynB consists of a carbohydrate-binding module (CBM), marking it as a member of CBM family 22, a catalytic domain belonging to GH family 10 and a dockerin domain at the N-terminus ( Fig. 1) . Additionally, XynB shows 39% homology to Xyn10B, with the enzymes containing similar domain structures. The xylan contained in lignocellulose has a random amorphous structure and is entwined with cellulose. In order to efficiently hydrolyze xylan, xylanases are localized in lignocellulose, thereby increasing the opportunity for hydrolysis. Cellulose-binding proteins A, B and C, which are scaffolding proteins from C. cellulovorans, contain a family 3 CBM as well as enzymebinding site(s) termed cohesin(s) and are required for the binding of cellulosome to crystalline cellulose (Goldstein et al., 1993; Tamaru et al., 2011) . XynB-mediated formation of cellulosomes via interactions with scaffolding proteins constitutes an important activity related to xylan degradation (Arai et al., 2007; Morisaka et al., 2012) . Our aim is to elucidate the xylan-degradation mechanism of the cellulosome against the xylan contained in lignocellulose by investigating the positional relationship of the XynB active site and the CBM22 and CBM3 domains present in complexes comprising XynB and the scaffolding protein(s). As an initial step and because the three-dimensional structures of XynB and scaffolding proteins from C. cellulovorans remain unsolved, here we investigated the three-dimensional structure of XynB by constructing an overexpression system, optimizing the crystallization conditions and performing X-ray diffraction analysis of XynB.
Materials and methods
2.1. Macromolecule production 2.1.1. Cloning of xynB from C. cellulovorans. The xynB gene (GenBank accession No. AAT37531) lacking the signal peptide was amplified by polymerase chain reaction from 200 ng C. cellulovorans genomic DNA using 10 mM primers (forward primer, 5 0 -TAACCCGGGGAAGATGCTCTATTA ATAAG-3 0 ; reverse primer, 5 0 -GCGCTCGAGTTAGAAAC TAGTAATTTGTC-3 0 ). The reaction product encoding XynB was ligated into SmaI/XhoI-digested pET-50b(+) NusA fusion vector (Merck, Darmstadt, Germany) to create the expression plasmid, followed by sequence confirmation using an AB3100 DNA sequencer (Applied Biosystems, Foster City, California, USA).
Expression and purification of recombinant XynB.
Plasmid DNA was transformed into Escherichia coli BL21 (DE3) cells for the expression of XynB. A transformant was grown in 5 ml Luria-Bertani medium (1.0% polypeptone, 0.5% yeast extract and 0.5% NaCl) containing kanamycin (final concentration of 0.025 mg ml À1 ) at 37 C with shaking. The culture was then transferred to 800 ml of 2Â TY medium (1.6% polypeptone, 1.0% yeast extract and 0.5% NaCl) containing 1% glucose and kanamycin (final concentration of 0.025 mg ml À1 ). The culture was then incubated at 37 C until the turbidity of the medium reached an A 600 of between 0.5 and 0.6. Isopropyl -d-1-thiogalactopyranoside was added to the medium to a final concentration of 0.1 mM, followed by culturing at 20 C for 40 h. The bacteria were harvested and suspended in 20 mM sodium phosphate buffer pH 7.4 containing 100 mM NaCl. The cells were disrupted by ultrasonication, and the soluble fraction of the mixture was collected by centrifugation at 20 000g for 20 min at 4 C. The cell-free extract was applied onto an Ni Sepharose 6 Fast Flow column (GE Healthcare, Pittsburgh, Pennsylvania, USA) equilibrated with 20 mM sodium phosphate buffer pH 7.4 containing 20 mM imidazole and 500 mM NaCl. After washing the column with the same buffer, elution was performed with 20 mM sodium phosphate buffer pH 7.4 containing 500 mM imidazole and 500 mM NaCl. The fractions were dialyzed against 25 mM Tris-HCl buffer pH 8.0 containing 14 mM -mercaptoethanol and 150 mM NaCl. To remove the NusA tag added to the recombinant protein, 1 U Turbo 3C protease (Accelagen, San Diego, California, USA) was added per 500 mg of recombinant protein. Subsequently, the Turbo 3C protease and the cleaved NusA tag were removed using another round of nickel-affinity chromatography. The flowthrough fractions were dialyzed against 50 mM Tris-HCl buffer pH 7.5 and applied onto a Toyopearl DEAE-650M column (Tosoh, Tokyo, Japan) equilibrated with 50 mM Tris-HCl buffer pH 7.5. After washing the column with the same buffer, elution was performed using a linear NaCl gradient (0-1.0 M) in 50 mM Tris-HCl buffer pH 7.5. The recombinant XynB (rXynB) collected at each purification step was monitored by SDS-PAGE. The purified protein was judged to be >95% pure according to SDS-PAGE analysis (Fig. 2) .
Crystallization
Prior to crystallization, rXynB was concentrated to 10 mg ml À1 by ultrafiltration using a Vivaspin 20 30K microfilter (GE Healthcare). Aliso Viejo, California, USA) was used to determine the initial crystallization conditions. Drops consisting of 2 ml protein solution and 2 ml reservoir solution were equilibrated against 0.45 ml reservoir solution using the hanging-drop vapour-diffusion method. Crystals were obtained using solution No. 22 [0.2 M sodium acetate trihydrate, 0.1 M Tris-HCl pH 8.5, 30%(w/v) polyethylene glycol (PEG) 4000] of Crystal Screen at 293 K. Following optimization of the buffer pH and the PEG concentration, rod-shaped crystals grew to maximum dimensions of 0.04 Â 0.04 Â 0.31 mm within two months (Fig. 2) . The reservoir solution consisted of 0.2 M sodium acetate trihydrate, 0.1 M Tris-HCl pH 8.5, 32%(w/v) PEG 4000, and the crystallization temperature was 293 K.
Data collection and processing
Before being flash-cooled in liquid nitrogen, crystals were soaked in reservoir solution supplemented with 20% glycerol as a cryoprotectant. Multiple crystals were screened to identify crystals with reasonable diffraction. The best data set was collected to 1.8 Å resolution under gaseous nitrogen (100 K) on beamline AR-NE3A at the Photon Factory (PF), Tsukuba, Japan using X-rays at a wavelength of 1.000 Å . Data sets were processed and scaled using XDS and XSCALE (Kabsch, 2010) . Data-collection and processing information is shown in Table 1 .
Results and discussion
A signal peptide comprising 29 amino acids is present at the N-terminus of XynB (Han et al., 2004) ; however, in the recombinant protein the signal peptide was removed. The recombinant XynB (rXynB) protein expressed in E. coli was purified to homogeneity via nickel-affinity chromatography, protease digestion and anion-exchange chromatography. The protein yield was 40 mg from 800 ml 2Â TY medium culture. SDS-PAGE analysis with Coomassie Brilliant Blue staining identified the purified protein as a single band of $63 kDa corresponding to the calculated molecular mass of the rXynB monomer (Fig. 2) . However, rXynB underwent slight partial degradation over time (data not shown). Protein sequencing showed that the N-terminal sequence of the protein band was identical to that deduced from the xynB gene. Therefore, we assumed that portions of the C-terminal dockerin domain had been deleted. This phenomenon has previously been reported in some cellulosomal enzymes containing dockerin domains (Fierobe et al., 1991 (Fierobe et al., , 1993 Reverbel-Leroy et al., 1997) .
During initial crystallization screening, clusters of overlapping needle-like crystals appeared under conditions that contained sodium acetate trihydrate and PEG 4000. The conditions were optimized to produce single crystals, and rodshaped crystals were obtained when a reservoir solution consisting of 0.2 M sodium acetate trihydrate, 0.1 M Tris-HCl pH 8.5, 32%(w/v) PEG 4000 was used (Fig. 3 crystals that diffracted to a resolution of 1.80 Å (Fig. 4) . Analysis of the diffraction pattern showed that the crystal belonged to space group P2 1 2 1 2 1 , with unit-cell parameters a = 74.28, b = 77.55, c = 88.20 Å , = = = 90 . Assuming the presence of one molecule per asymmetric unit, the calculated Matthews coefficient was 1.93 Å 3 Da À1 (Matthews, 1968) , giving an estimated solvent content of 36.24%.
Structure determination is in progress by molecular replacement using the program BALBES (Long et al., 2008) with the reported structure of Xyn10B from C. thermocellum (PDB entry 2w5f; Najmudin et al., 2010) as a search model.
